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Tooth colour is determined by the complex combination of colours and optical properties of hard dental tis-
sues (dentine, enamel) and any additional intrinsic and extrinsic stains that may be included in the tooth 
structure.Tooth bleaching is a non-invasive technique for tooth shade lightening by the application of tooth 
bleaching products for removing the discolorations that darken the tooth shade. The purpose of this re-
search was to study the influence of two physical factors –blue light (lED, 450 nm) and electric current (2 
mA) on the bleaching effect of a tooth bleaching product on black tea stain molecules, avoiding the complex-
ity of tooth structure and the physics of hydrogen peroxide diffusion and light penetration in tooth. Spec-
trophotometry was used to compare the bleaching effect of h2o2 by the change of light absorption and opti-
cal density of the samples analyzed. Spectrophotometry manifested a decrease in the light absorption of all 
samples, most prominent and twice faster in the blue light exposed ones. 
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INTRoDUCTIoN
Tooth colour is determined by the complex 
combination of colours and optical properties of 
hard dental tissues (dentine, enamel) and any addi-
tional intrinsic and extrinsic stains that may be in-
cluded in the tooth structure (4,5,16) .
Tooth bleaching is a non-invasive technique 
for tooth shade lightening by removing the discolor-
ations that darken the tooth shade. In-office bleach-
ing techniques are based on the bleaching action of 
hydrogen or carbamide peroxide, supplying in a va-
riety of concentrations, with or without additional 
light irradiation recommended.
The mechanisms of bleaching involve the degra-
dation of the extracellular matrix and oxidation of the 
chromophores located within enamel and dentin (2). 
Literature data about the role of physical factors 
like temperature, light irradiation, electric current on 
the bleaching effect of hydrogen peroxide are contro-
versy (1,5,17).
PURPoSE
The purpose of the study was to compare the 
influence of blue light (LED, 450 nm) and electric 
current (2mA) on the bleaching effect of hydrogen 
peroxide, included in a tooth bleaching product on 
tea stain molecules in a black tea extract, avoiding 
the role and complexities of tooth structure and the 
physics of hydrogen peroxide (H2O2) diffusion and 
light penetration in tooth.
MATERIALS AND METHoDS
UV-VIS spectroscopy is a method, mostly ap-
plied for quantitative determinations, based on the 
relationship between the concentration and the ef-
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fects and intensity of monochromatic light absorbed 
in the range of UV spectra (200-400 nm) and VIS 
spectra (400-800 nm).The functional groups in the 
molecule, which absorb visible or UV light and add 
color to substance are called chromophores-organic 
compounds with complex bonds.
In this study the method of spectrophotometry 
as a method of spectroscopy was used to track the 
degradation of chromogenic compounds in a black 
tea extract subjected to the action of hydrogen per-
oxide, included in a tooth bleaching product. The 
changes in monochromatic light absorption at 390 
nm and optical density of the samples analyzed were 
tracked in dynamics by Boeco UV/VIS Spectropho-
tometer model S- 26 (Fig. 1) to compare the bleach-
ing effect of a tooth bleaching product: Opalescence 
Boost (40% H2O2), Ultradent, (Fig. 2). The Spectrum 
Scanning mode of the spectrophotometer allowed 
scans to be made across any selected portion of the 
198 to 1000 nm range. The auto-ranging Absorbance 
axis allowed scans to be commenced with no prior 
knowledge of the peak Absorbance level expected. 
All the samples contained diluted liquid extract 
of black tea / Camellia sinensis /, prepared as follows: 
two grams of black tea were boiled in 100 ml of wa-
ter for 5 min and the resulting extract was filtered. 
One volume of the filtrate was mixed with two parts 
of water and 0, 5 g of the analyzed tooth bleaching 
product-Opalescence Boost (40% H2O2), Ultradent. 
Five groups of samples were formed:
Group A: a control group of samples with fil-
trated black tea extract without tooth bleaching 
product 
Group B: samples with filtrated black tea extract 
and non-activated tooth bleaching product (Opales-
cence Boost, Ultradent)
Group C: samples of filtrated black tea extract 
and tooth bleaching product (Opalescence Boost, 
Ultradent), activated by blue light (LED, Masterdent, 
450 nm, 750 mW/cm2 ) 
Group D: samples of filtrated black tea extract 
and a tooth bleaching product, activated by electric 
current (Ionophorator, 2mA) 
Group E: For validation of the analytical meth-
od the light absorption of black tea liquid extract, 
mixed with H2O2 (30%, 25%, 20%, 15%) in the same 
volume ratios was measured as a function of time. 
The optical density was measured during 0 to 
15 min at 1 minute intervals by Boeco UV-VIS Spec-
trophotometer model S - 26. The series was repeated 
as similar measurements as the bleaching of the mix-
ture was not activated or activated by blue light /elec-
tric current (2mA).
RESULTS
The results of the study were analyzed by the 
following graphics: 
Spectrophotometry manifested a decrease in 
the light absorption of all samples, most prominent 
in the blue light exposed ones (Group C). In this 
Fig. 1. Boeco UV/ViS Spectrophotometer model S- 26
Fig. 2. Opalescence Boost (Ultradent) Fig.3. Spectrophotometric analyze of the bleaching  
effect of Opalescence Boost
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group the light absorption and the bleaching effect 
occurred for shorter time - four minutes in compar-
ison to Group B (samples without activation) -seven 
minutes. 
No change in light absorption was observed af-
ter the fourth and the seventh minute in both groups, 
respectively, which was probably due to a depletion 
of H2O2. In the samples, activated by electric current 
light absorption decreased gradually.
DISCUSSIoN 
The bleaching power of hydrogen peroxide is 
due to the release of free radicals that attack the chro-
mophores by reactions of oxidation, carboxylation 
and cleavage of double bonds therein (6,10) :
H2O2                   H+    +  HO2
H2O2   +   HO2              HO2    +  HO    +  HO
H2O2   +   HO                      H2O    +  HO2
Thus colour producing molecules of the chro-
mophores, (5,15,8) or chromogennes (17) that are 
organic compounds having long conjugated chains 
with alternating simple and double bonds, often con-
taining heteroatoms, carbonyl groups, and aromatic 
rings, become smaller by destroying one or more of 
the double bonds in the conjugated chain, by cleav-
ing the conjugated chain, or by oxidation of other 
chemical moieties in the conjugated chain (8) and 
less colored molecules which are transferred by dif-
fusion to the surface of the tooth and are eliminated 
subsequently (13). 
The mechanism for tooth bleaching by hydro-
gen peroxide is not fully known. While it is no doubt 
true that the molecules are broken into shorter frag-
ments, the detailed mechanisms for the interaction 
with radicals is specific to the particular molecule. 
The route by which the agent diffuses into the tooth 
structure is not yet clear because of its complexity. 
The way in which the radicals react with chromo-
genes is again varied and complex (17).
Bleaching efficacy may be increased by stimu-
lated dissociation of the hydrogen peroxide and the 
formation of free radicals by physical activation, pro-
viding energy: high temperature and blue light (1). 
Most likely, the main mechanism of action of all 
light-activated bleaching procedures is the absorp-
tion of small fraction of light by the bleaching prod-
uct, followed by conversion of light energy into heat. 
It is the effect the light or heat has on the chemical 
bleaching product (gel) rather than on the tooth sub-
stance itself and the chromophores it contains that 
may lead to an increased bleaching effect (1,12).
Halogen lamp, LED, Plasma Arc Lamp, Met-
al halide lamps, Lasers of different wavelengths 
have been introduced for the activation of the power 
bleaching materials (12).
Light energy also could be absorbed by pho-
tocatalysts, included in the bleaching gel and trans-
ferred to accelerate the decomposition of H2O2 to free 
oxygen radicals (9). Carotenoids, absorbed primar-
ily at wavelengths 400-500nm, have been used as a 
bleaching agent activator that also serves as a red-or-
ange colorant (1, 12). The photosensitizing substance, 
included in Opalescence Boost is Carotene; its or-
ange-red color is sensible to blue light and increases 
its absorption (1). 
Under photochemically initiated reactions us-
ing light or lasers, the formation of hydroxyl radicals 
from hydrogen peroxide has been shown to increase 
(5,7). The light source can activate peroxide to accel-
erate the chemical redox reactions of the bleaching 
process (5,14).
The mechanisms by which light could enhance 
bleaching are different and complex:
❖❖ direct photo bleaching of chromogenic mole-
cules by bond-breaking and loss of conjugation 
in their structure
❖❖ direct light induced H2O2-cleavage into two 
radicals which subsequently react with chro-
mogenic molecules 
❖❖ the chromogennes absorb the photon and 
transfers its energy to the hydrogen peroxide, 
resulting in its cleavage (17).
The mechanism by which electrical current can 
enhance bleaching is different. Its action leads to ion-
ophoresis of the Hydrogen peroxide. The ionization 
of H2O2 may produce hydroxyl ions (OH
-), perhy-
droxyl ions (HOO-), hydrogen ions (H+), water (H2O) 
and oxygen ions (O-). Moreover, the electrochemical 
reactions, occurring at the cathode lead to recycling 
and re-synthesis of H2O2 (11) :
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2 H2O2   + 2 e-                2 H2O    +  O2
2 H2O   + 2 e-                H2    +  2 HO-
O2  +  2 H+  + 2 e-                H2O2
O2  +  2 H2O  + 2 e-               H2O2 +  2 HO-
By recycling the free radicals the bleaching pro-
cess could become faster, more efficient and could re-
quire less amount of the bleaching agent without the 
need of renewing or reapplying it..
CoNCLUSIoNS
Spectrophotometry gives opportunity to evaluate 
the influence of physical factors (electric current and blue 
light) on the bleaching potential of hydrogen peroxide.
The bleaching effect of Opalescence Boost 40% 
H2O2 (Ultradent), activated by blue light or electric 
current on a black tea extract was equal but it oc-
curred almost twice faster under the influence of blue 
light(4 minutes) than without activation (7 minutes). 
There was no alteration in the light absorption after 
that which was probably due to the depletion of H2O2.
By electric current activation light absorption 
decreased gradually. These studies will continue in 
vitro on extracted teeth to compare the influence of 
blue light and electric current on the tooth bleaching 
effect of hydrogen peroxide. 
More rapid depletion of hydrogen peroxide 
in light activated samples is likely to result in faster 
tooth bleaching, but also it could increase the proba-
bility of postoperative hypersensitivity.
The gradual bleaching effect under the action 
of electric current could be preferred in view of pre-
venting any possible postoperative hypersensitivity 
because of the opportunity to control the rate of de-
composition of hydrogen peroxide by precisely ad-
justing the electric current ampere.
REFERENCES
1. Buchalla, W., T.Attin. External bleaching therapy 
with activation by heat, light or laser - a systematic 
review. - Dent Mater., 23,2007, № 5, 586–596. 
2. Goldberg, M., M. Grootveld , E. Lynch. Undesirable 
and adverse effects of tooth-whitening products: a 
review. - Clin oral invest., 14, 2010, №1, 1–10
3. Joiner A; Pickles MJ, Matheson JR, Weader E, Nob-
let L, Huntingdon E. Whitening toothpastes: effects 
on tooth stain and enamel.- international Dental 
Journal, 52, 2002, № S5, 424–30.
4. Joiner, A. Tooth colour: a review of the literature. - 
J Dent.,32, 2004, Suppl 1, 3-12. 
5. Joiner A. The bleaching of teeth: A review of the lit-
erature. - J Dent., 34, 2006, № 7, 412 – 419.
6. Kaneko, J., S. Inoue, S. Kawakami, H. Sano. Bleach-
ing effect of sodium percarbonate on discolored 
pulpless teeth in vitro.- J endod., 26, 2000, №1, 25-28.
7. Kashima-Tanaka, M., Y.Tsujimoto, K.Kawamoto, 
N. Senda, K. Ito, M. Yamazaki. Generation of free 
radicals and/or active oxygen by light or laser irra-
diation of hydrogen peroxide or sodium hypochlo-
rite. - J endod., 29, 2003, № 2, 141-143.
8. Kroschwitz, J. I., М.Howe-Grant M (eds): Encyclo-
pedia of chemical technology, 4th ed, John Wiley 
and Sons, New York, 1992, pp.290-291.
9. Kwon, SR., SH. Ko, L. Greenwall: Tooth Whitening 
in Esthetic Dentistry: Principles and Techniques. 
London:Quintessence Publishing Co, Ltd, 2009
10. Lee, B-S., SH. Huang, YC.Chiang, YS Chien, CY. 
Mou , CP. Lin CP. Development of in vitro tooth 
staining model and usage of catalysts to elevate the 
effectiveness of tooth bleaching. - Dent Mater.,24, 
2008, №1, 57-66
11. Nguyen, B.L., L.H. Nguyen. US Patent Appl.Pub-
lic.№ US 2006/0127837 A1 ,Pub.date: Jun.15, 2006. 
Dental Bleaching using regenerative ionophoresis 
12.  Ontiveros, J.C., In –office Vital Bleaching with Ad-
junct Light. - Dent Clin north Am., 55, 2011, №2, 
241-253. 
13. Ostler et al. US Patent Application, Pub.№: 
20080311545, Pub. Date : Dec.18, 2008. Systems 
and Methods for Utilizing Ultrasonic Energy to 
Activate Tooth Whitening Substances. 
14. Sun G. The role of lasers in cosmetic dentistry. - 
Dent Clin north Am., 44, 2000, №4, 831-850.
15. Suyama, Y., M. Otsuki, S. Ogisu, R. Kishikawa, 
J.Tagami, M.Ikeda et al. Effects of light sources and 
visible light-activated titanium dioxide photocatalyst 
on bleaching. - Dent Mater J., 28, 2009, № 6, 693-699.
16. Watts, A., М.Addy. Tooth discolouration and stain-
ing: a review of the literature. - Br Dent J., 190, 
2001,№ 6, 309-316.
17. Young, N., P. Fairley, V. Mohan, C. Jumeaux. A study 
of hydrogen peroxide chemistry and photochemistry 
in tea stain solution with relevance to clinical tooth 
whitening. - J Dent., 40, 2012, Suppl 2: e11-16.
